adversely affected chiefly by the low temperature parasitic fungi, and it was possible to control these fungi with PCNB preparations, although PCNB treatment had no effect on the overwintering of the winter turnip rape. On the other hand, in experiments carried out in South Finland (5) , PCNB treatment had a very benificial effect on the overwintering of winter turnip rape.
In the following paper special attention has been paid to the effects of winter frosts, and of the Plasmodiophora brassicae Woron infection upon the overwintering of winter turnip rape. The field experiments have been carried out at Viik Experimental Farm in South Finland (60°10' N).
Methods
In 1951, 1952, 1953, and 1954 sowing-time trials of winter turnip rape were started in a field contaminated with the club root fungus (Plasmodiophora brassicae). The size of the experimental plots was 5m 2 in 1951 and 2m 2 from 1952 to 1954; the number of replicates was 4; the distance between seed rows was 50 cm in the first experiment, 25 cm in the others; the seed rate was 5 kg per hectare. In two of the experiments the ratio of club root diseased plants was studied in the autumn (Table 1) The control plants were kept the whole time at 4 to 7°C. All the plants were then simultaneously moved to a laboratory (+ 20°C ), where they were tested after 2 hours; the results were checked after 26 hours.
The freezing injuries occurring in the plants treated at 15°C were tested a) by estimating the flaccidity and withering of different sections of the plant as well as b) by using the tetrazolium test (cf. 9). The flaccidity and the withering of the foliage was estimated on a scale of 0 to 10, 0 signifying that the whole leaf w r as dead, 5 that the petiole was living, and 10 that the entire leaf was living.
The withering of the tap root (Fig. 4) was examined visually, as well as by feeling the root with the fingers; the result was estimated on a scale of 0 to 10. In the tetrazolium test (cf. 1,9), the regions of the plant to be examined (the base of the plant and the tap root 3 cm beneath the base) were immersed in a solution consisting of 1 g of 2,3, 5,-triphenyltetrazolium chloride in 100 g of water, and were kept in the dark at approx. 20°C. After one hour the results were estimated on a scale of 0 to 10, 10 signifying that the entire tissue was red-coloured (living), and 0 that no red colour was present (Fig. 1) .
Experimental results
In the sowing-time trials the proportion of club root diseased winter turnip rape plants appeared to be considerably higher before than after the overwintering (Table 1) ; this means that a higher proportion of the diseased than of the healthy plants has died during the winter. Consequently, the club root disease had reduced the winterhardiness of the plants. In the late-seeded stands the ratio of diseased plants was relatively low, and correspondingly, their overwintering was adequate during the winters in which no low temperature fungi were to be seen. (Fig. 2) . Most of the plants with damaged roots were found in stands growing upon rises in the ground; in areas covered with a thick layer of snow during tlie whole winter this phenomenon was not seen at all (Table 2) . Besides, the proportion of injured plants appeared to be higher where the overwintering of the stand was poorer. Therefore it seemed presumable that the winter frost, which was apparently the main cause of the death of the plants, had in many cases injured only the lower part of the tap root, whereas the plant itself was able to recover in the spring. Table 3 . Cold resistance of different parts of a Rapido I winter turnip rape plant Nov. 11, 1958 Duration of During periods of frost the temperature must be lower above the soil surface than below it. Consequently the injury to the tap root of a recovered plant can only be considered to be caused by frost if the root proves to be perceptibly more sensitive to damage by freezing than the sections of the plant above it.
In the experiments carried out in the thermostat room (-15°C) considerable differences in the frost resistance of different regions of the plant were observed. The smallest, innermost leaves in the rosette and the base of the plant appeared to be the most resistant, and the root the most sensitive part of the winter turnip rape plant (Tables 3 to 5 , Fig. 3 ). The resistance to cold of the winter turnip rape appeared to be higher onDec. 19 3. The root system appeared to be the most frost-sensitive part of the plant. 4 . In many cases the plants were able to recover in the spring in spite of the freezing of the tap root during the winter.
